The Effect of EHR-Integrated Patient Reported Outcomes on Satisfaction with Chronic Pain Care by Harle, Christopher A. et al.
The Effect of EHR-Integrated Patient Reported Outcomes on 
Satisfaction with Chronic Pain Care
Christopher A. Harle, PhD,
Indiana University, Indianapolis (IUPUI)
Nicole M. Marlow, PhD,
University of Florida
Siegfried O.F. Schmidt, MD, PhD,
University of Florida
Jonathan J. Shuster, PhD,
University of Florida
Alyson Listhaus, MPH,
University of Florida
Roger B. Fillingim, PhD, and
University of Florida
Robert W. Hurley, MD, PhD
Medical College of Wisconsin
Abstract
Objective—Given its complexity, chronic noncancer pain presents an opportunity to use health 
information technology (IT) to improve care experiences. The objective of this study was to assess 
whether integrating patient-reported outcomes (PRO) data in an electronic health record (EHR) 
affects providers and patient satisfaction with chronic noncancer pain care.
Study Design—We conducted a pragmatic cluster randomized trial involving four family 
medicine clinics.
Methods—We enrolled primary care providers (PCPs) and their patients with chronic noncancer 
pain. In the first seven months (education phase), PCPs in intervention practices received 
education on how to use PROs for pain care. In the second seven months (PRO phase), patients in 
intervention practices reported pain-related outcomes upon arrival at their visits. PROs were 
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immediately reported to PCPs through the EHR. Control group PCPs provided usual care. We 
compared intervention and control practices in terms of provider and patient satisfaction with care.
Results—During the education phase, patients’ mean ratings of their visits did not differ between 
control and intervention (9.33 vs. 9.08, p=0.20). During the PRO phase, patients’ mean ratings did 
not differ between control and intervention (9.28 vs 9.01, p=0.20). Similarly, there were no 
differences between the intervention and control groups in terms of provider satisfaction.
Conclusion—Delivering EHR-integrated PROs did not consistently improve patient or provider 
satisfaction. Positively, we found no evidence that the PRO tools negatively affected satisfaction. 
Future studies and technological innovations are needed to translate point-of-care health IT tools 
to improvements in patient and provider experiences.
Keywords
Health IT; Healthcare management; Pain management; Opioid Abuse
Introduction
More than a decade ago, the U.S. federal government began significantly investing in health 
information technology (IT). Today, 95% of hospitals and 56% of office-based providers use 
certified Electronic Health Records (EHRs).1,2 Thus, the U.S. healthcare system has more 
infrastructure than ever upon which health IT tools can be implemented to support better 
information access, sharing, and decision making by healthcare providers and patients. Still, 
we lack sufficient research to understand if and when health IT tools affect patient and 
provider experiences.3–7 Without these studies, we lack the evidence needed to overcome the 
challenges that healthcare providers face in embracing health IT to meaningfully improve 
care for complex and costly patients.
Affecting more than 100 million Americans at a cost of over $600 billion annually8, chronic 
noncancer pain presents an opportunity to utilize health IT and other interventions to 
improve care. Chronic noncancer pain conditions, such as low back pain and diabetic 
neuropathy, have complex biopsychosocial roots, symptoms, and comorbidities.8 Moreover, 
chronic noncancer pain care is directly linked to the ongoing public health epidemic of 
prescription opioid pain medication use, misuse, and abuse that results in over 350,000 
emergency department visits9 and 14,000 deaths each year.10 Given the complexity of pain 
conditions and poor outcomes associated with chronic opioid therapy, many providers who 
care for chronic noncancer pain, and their patients, are dissatisfied with their respective 
experiences in providing and receiving care.11–15
Point-of-care health IT tools may improve pain care satisfaction by collecting and 
aggregating valuable health information. For example, clinical decision support tools could 
give providers easier and more reliable access to information on patients’ physical and 
psychological symptoms. In the case of symptoms, patients must report them directly, such 
as through discussions with clinicians, written questionnaires, or electronic questionnaires. 
Today, systems developers, researchers, and healthcare providers are engaged in learning 
how to best collect and integrate patient-reported outcomes (PROs) into care using health 
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IT.16–22 Researchers have also called for studies that focus on PROs role in patient-provider 
relationships.23 On one hand, IT-integrated PROs allow providers to collect unique and 
clinically-relevant information on patients’ symptoms and needs, which may improve care 
planning, patient-provider communication, and satisfaction. On the other hand, traditional 
clinical routines and norms in patient-provider communication may inhibit providers’ ability 
to process and respond to PRO information in ways that improve satisfaction with care.24 
Concerns about poor health IT usability and usefulness7,25 could also inhibit IT-integrated 
PROs from positively affecting patient and provider satisfaction, especially if PRO 
information is collected but not discussed or acted on during visits. Still, several prior 
studies have found positive effects of PROs on patient-provider communication and patient 
satisfaction.26,27
In this study, we describe a pragmatic cluster randomized trial involving primary care 
providers (PCPs) and their patients with chronic noncancer pain. We examined whether 
providing PCPs with education on multidisciplinary pain care and then systematically 
collecting pain-related PROs in the EHR would affect PCP and patient satisfaction with care. 
Given prior research evidence on low satisfaction with pain care and expressed need within 
our health system for improvements in pain care satisfaction,28 we hypothesized that the 
education and EHR-integrated PROs would each increase provider and patient satisfaction 
with pain care. The results of this study will inform the literature on how health IT affects 
patient and provider experiences with care.
Methods
We conducted a pragmatic cluster randomized trial in four family medicine clinics affiliated 
with an academic health center (see Appendix section 1 for a diagram of the trial flow).29–31 
The four clinics were matched as two pairs based on practice and patient demographics and 
randomized to intervention or control groups. For PCPs in intervention clinics, we 
implemented pain-related education modules and an EHR-integrated PRO system. The EHR 
(Epic), served as a conduit for collecting and communicating the PROs to providers at the 
point of care. We registered the study as a randomized controlled trial with 
ClinicalTrials.gov (Identifier: NCT02188667). Our university’s Institutional Review Board 
approved the study.
Participants
We recruited PCPs (physicians and physician assistants) from the four clinics. We also 
recruited patients, ages 18–89, whose health record history indicated chronic 
musculoskeletal, headache, or neuropathic pain and no cancer (see Appendix section 3). 
Upon arriving for a visit with a participating provider, eligible patients received a written 
notice about the study and a follow-up phone survey about their visit satisfaction. Patients 
could refuse to participate in the survey by signing an opt-out form or declining to complete 
the phone survey when called.
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Intervention
The intervention involved two phases. First, we provided a six module education curriculum 
that was available to providers for seven months. The education emphasized evidence-based, 
multimodal, and comprehensive pain care and was based on published evidence-based 
guidelines and systematic reviews.32–34 The education also included training on PRO 
instruments that providers could use to assess risks and benefits of different treatment 
modalities35 and patients’ levels of pain, function, sleep, and mental health.
Second, we implemented the EHR-integrated PRO system. We evaluated the effect of this 
system for seven months. When patients arrived for a visit with a participating provider, a 
clinic staff member asked them to complete a series of PRO surveys using a tablet computer 
and the Collaborative Health Outcome Information Registry (CHOIR) software.36,37 We 
used CHOIR to collect 13 measures and send results to the Epic EHR for providers to view 
during patient visits. Nine measures (pain interference, pain behavior, fatigue, anger, 
depression, sleep disturbance, sleep-related impairment, anxiety, and physical function) were 
assessed via computer-adaptive instruments from the National Institutes of Health (NIH) 
Patient Reported Outcomes Measurement Information System (PROMIS) system.38,39 We 
also measured pain catastrophizing [20], risk of opioid-related aberrant behavior35, pain 
intensity,40 and location of pain.
Immediately following completion, CHOIR sent numeric PRO assessment results to the 
EHR, where it could be accessed by providers. Each PROMIS measure was recorded in the 
EHR’s results module both as a t-score and a population percentile. In addition, the system 
provided narrative clinical interpretation for any scores with established interpretations. 
Providers could insert the numeric results and clinical interpretations in their notes and 
graph PRO results over time alongside medication start and stop dates.
Outcomes
The two primary outcomes were patient satisfaction and provider satisfaction with receiving 
and providing pain care respectively (see Appendix sections 4 and 5 for survey questions). 
We collected patient satisfaction after each study visit. First, we asked patients to rate their 
overall health care on a scale of 0 (worst visit possible) to 10 (best visit possible). Second, 
patients who reported discussing pain with their provider during the visit were asked two 
questions adapted from the Hospital Consumer Assessment of Healthcare Provides and 
Systems (HCAHPS) survey.41 The first item addresses patient perception that their provider 
did everything he/she could to help with pain. The second item addresses patient confidence 
that their pain will be well controlled in the future based on their visit experience.
We measured provider satisfaction monthly starting immediately prior to implementing the 
education component of the intervention and then monthly for 14 months. This survey 
included a 14-item questionnaire assessing general experiences and satisfaction with 
providing care to patients with chronic pain. The questionnaire was modified from a visit-
specific physician satisfaction questionnaire42, such that the item wordings referred to 
general satisfaction with visits by patients who have chronic pain. The 14 items included one 
global satisfaction measure and multi-item subscales assessing the quality of the patient-
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provider relationship, appropriate use of time during visits, adequacy of data collection 
during visits, and patients’ cooperation during visits. Each item contained a five-point agree/
disagree response scale anchored by “strongly disagree” and “strongly agree.”
Sample Size
Our a priori sample size estimations were based on the 0–10 patient satisfaction measure, 
accounting for clustering within providers. We expected unbalanced enrollment (11 PCPs 
control and 9 PCPs intervention) and a uniformly distributed random number of patients per 
PCP between 20 and 40 (606 patients per phase). The following simulated powers with 
20,000 replications were obtained to detect a true mean difference in scores of 1.5 on a 0 to 
10 point scale at two-sided type I error of 5%: [σBetween Providers, σWithin Providers: Power] 
respectively: [1.0,1,5: 85%], [1.0, 2.0: 83%], [1.0, 2.5:81%].
Analysis
For patient satisfaction outcomes, we first computed a personal mean for each physician 
within phases and compared the intervention and control groups using a weighted least 
squares analysis with weights proportional to the physician total sample size. The 
independent variable was intervention group, i.e., intervention versus control. Next, we 
assessed the differences between the education phase and the PRO phase for intervention 
versus control physicians. We used the paired difference in physician mean between the 
phases using weighted least squares as above. The model for the PRO phase-education phase 
difference in mean satisfaction for physician j (Yj) was: Yj= β0 +β1Tj + εj, where Tj is 0 
(control) or 1 (intervention) and εj is random error for physician j. The slope β1 represents 
the mean treatment difference, asking if the treatment difference depends on the phase.
We assessed within-phase differences in overall provider satisfaction (average across the 14-
items) and on the four subscale aggregates. For each analysis, we used linear mixed models 
with an autoregressive covariance structure. For intervention-control comparisons within 
each phase, provider identifiers (random), intervention group (fixed), and baseline 
satisfaction scores (fixed) were independent variables. Next, we estimated differences 
between phases, with participant identifiers (random) and phase (fixed) as independent 
variables. We also estimated time and time by intervention fixed effects to assess study time 
trends and interaction.
Results
Twenty-one PCPs were enrolled across the four participating clinics, including 11 in the 
control group and 10 in the intervention group). The average years in practice was 9.7 
(Range: 1 – 40), and a total of 2 PCPs reported having formal pain training. The average 
PCP age was 43.8 years, and 62% were female. Data were collected from 712 unique 
patients over 1,203 clinical visits. A total of 680 patients had complete data for at least one 
of the satisfaction outcomes. The average patient age in the intervention group was 55.0 
years and 77% were female. Similarly, for the control group the average age was 53.3 years 
and 72% were female. See Appendix section 2 for detailed patient demographics.
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Patient Satisfaction
During the education phase, patients’ mean overall ratings of their visits were 9.33 (out of 
10) for control practices and 9.08 for intervention practices, and not significantly different 
between groups (p=0.20) (Table 1). During the PRO phase, patients’ mean overall ratings of 
their visits were 9.28 for control practices and 9.01 for intervention practices, and not 
significantly different between groups (p=0.20). Similarly, patients’ mean perceptions that 
their “doctor did everything he/she could to help you with your pain or discomfort” and 
confidence “that in the future your pain or discomfort will be well controlled” did not differ 
significantly between control and intervention groups in either phase (p>0.05).
Provider Satisfaction
At baseline, before offering education, intervention group PCPs reported a mean overall 
satisfaction with providing pain care of 2.87 (out of 5), compared to 3.01 for the control 
group. The intervention group’s satisfaction increased slightly, but not significantly, by the 
end of the education phase (p=0.17) as well as from the end of the education phase to PRO 
phase completion (p=0.71) (Table 2). A similar result was observed for each of the four 
satisfaction subscale measures. Furthermore, after adjusting for baseline satisfaction, there 
were no differences observed between the intervention and control groups within phases 
(Table 3). The largest control versus intervention difference was a 0.20 higher mean 
satisfaction with time spent during visits with patients with chronic pain in the intervention 
group at the end of the PRO phase. However, this difference only approached significance 
(p=0.06). Finally, in testing for a linear time effect and a time by intervention interaction, all 
10 time slopes were not significant and all 10 interactions were non-significant (p>0.05).
Discussion
The primary result of our study was that neither multidisciplinary pain care education nor 
EHR-integrated PROs affected patient or PCP satisfaction. The intervention was intended to 
improve patient and PCP satisfaction with care. Still, we recognized that implementing a 
health IT intervention in the context of an existing EHR and clinical workflow constraints 
could prevent improvements in satisfaction. Indeed, that may be what we observed. Given 
the challenges in designing and implementing health IT, it is important that the literature 
reflect pragmatic trials, even when the intervention being studied does not have a positive 
effect. Thus, our study represents a technologically successful health IT implementation on 
which future interventions can be built to support patients and providers when dealing with 
complex chronic conditions. However, our study, like others, provides a cautionary tale 
about pushing technology and information into clinical encounters.7,28,43 Even if clinically-
relevant information is technically accessible, it does not necessarily mean that it is 
practically useful.7,28,43,44
Introducing PROs into care settings has been shown to positively affect outcomes, including 
patient and provider satisfaction, in some instances.26,27 However, the potential effects are 
likely influenced by several intervening factors, including the format of the intervention, the 
motivation of patients and PCPs to discuss the information, and alignment of the information 
with clinical workflow and decision making.45,46 Our intervention elicited PROs during 
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existing patient wait times and embedded the results in the EHR, which fit well with existing 
clinical workflows and the primary IT system that PCPs use. However, it is possible that our 
intervention was still minimally attended to by PCPs. For example, PCPs may not have 
found the PROs directly relevant to what they perceived the patients’ chief complaint to be. 
Or, PCPs may have been unsure how to efficiently translate the PRO results into clinical 
action.47 These factors underscore the enormous challenges facing designers and 
implementers in producing health IT tools that are accessible and easily used by clinicians. 
At the same time, these factors illustrate the fact that deriving value from health IT tools 
often requires organizational changes, such as workflow redesigns, changing job roles, and 
shifts in clinician incentives.48,49 Today, the state of health IT is one of widespread adoption 
and rapidly increasing electronic data collection. The next hurdle in reliably improving care 
satisfaction will be to transform data to information, and to integrate that information into 
effective clinical process.
The pragmatic nature of our study was a strength and a weakness. On one hand, the 
pragmatic design likely increases the generalizability of our findings to other primary care 
practices in which pain care is delivered to many patients every day. On the other hand, our 
study was conducted in a single health system and we fell short of our a priori targeted 
patient sample size. Also, pragmatic studies can lack tight control over the intensity of the 
intervention. For example, we noted at times early in the PRO phase of the study, technology 
malfunctions prevented some enrolled patients from completing surveys. Similarly, 
providers may not have always attended to PRO information in their EHR during patient 
visits or attended to them less over time. Such factors may have dampened a potential 
positive effect, but they also reflect challenges in obtaining practical value from health IT. 
Also, differences in patient demographics may have biased our results. The two intervention 
practices had higher proportions of African-American patients and patients with state health 
insurance (e.g., Medicaid). To the extent that these demographic factors may relate to lower 
satisfaction with care, this also may have led us to underestimate the intervention’s 
effect.50–53 Finally, because general patient satisfaction rates were relatively high, even in 
the early stages of the study, there was little room for the intervention to have a positive 
effect on this measure However, the means of the other measures of patient and provider 
satisfaction, while above the mid-point of the scales, were low enough that they could have 
improved.
National leaders in health IT and clinical care have emphatically called for progress in the 
collection and use of standardized electronic data to assess and treat complex chronic 
conditions, such as pain.8,18,54 However, our study found that delivering standardized PRO 
data via an EHR did not consistently improve patient or provider satisfaction. On the 
positive side, PCPs are often concerned about any interventions that could negatively affect 
their clinical workflows given pressures for efficiency in caring for many patients. We found 
no evidence, via quantitative evidence in this study or in qualitative data presented 
elsewhere47 that in-clinic PRO assessment and EHR integration negatively affected 
workflows. Therefore, our study demonstrated the feasibility of PRO-enabled pain care. 
Still, future studies and innovations are needed to most effectively translate point-of-care 
health IT tools to consistent improvements in patient and provider experiences.
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Table 3
Adjusted Within-Phase Differences between Intervention and Control Groups in PCP Satisfaction with 
Providing Pain Care
Education Phase
Control − Intervention
PRO Phase
Control − Intervention
Overall Score −0.09 (0.11) [0.43] −0.09 (0.05) [0.10]
Relation Score −0.13 (0.11) [0.26] −0.02 (0.08) [0.85]
Data Score −0.15 (0.18) [0.42] −0.14 (0.15) [0.34]
Time Score 0.01 (0.17) [0.95] −0.20 (0.10) [0.06]
Demand Score 0.03 (0.15) [0.86] −0.14 (0.09) [0.12]
Note: Estimates are Mean (SE) [P-Value, 2 sided] of PCP satisfaction (N=21). Results adjusted for score at baseline of phase (i.e., education phase 
is adjusted for baseline; PRO phase is adjusted for end of education phase.)
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